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During Wnt stimulation, b-catenin accumulates in the nucleus, where it regulates gene transcription. In this
issue of Developmental Cell, Lu et al. (2015) report a mechanism that specifically targets this nuclear pool for
degradation, using lysine demethylation as ubiquitination signal.The Wnt–b-catenin pathway is one of
the major signaling cascades used by
metazoan cells to regulate gene activity
in response to external cues. The loca-
tion, timing, intensity, and duration of
these signals must be precisely controlled
to avoid adverse effects on embryonic
development and adult tissue homeosta-
sis. In the case of the Wnt pathway, for
instance, flies who receive too little signal
grow defective wings, whereas too much
signal produces two-headed vertebrate
embryos and, in humans, induces colon
cancer.
The pathway revolves around the cyto-
plasmic protein b-catenin, which has
the capacity to freely diffuse into the nu-
cleus (Fagotto, 2013), where it acts as a
potent transcriptional co-regulator (Pro-
nobis and Peifer, 2012; Valenta et al.,
2012). Two major mechanisms are known
to keep b-catenin away from its gene tar-
gets in the absence of signal. First, its
association with cadherin adhesion mole-
cules, where it acts as part of the link
with the actin cytoskeleton, effectively se-
questers b-catenin at the plasma mem-
brane. Second, the remaining cytosolic
pool is efficiently scavenged by the Axin
complex, phosphorylated, poly-ubiquiti-
nated, and sent for proteasomal degra-
dation. Upon stimulation by Wnt extra-
cellular ligands, the Axin complex is
inhibited, resulting in the accumulation of
a pool of soluble, non-phosphorylated
b-catenin, which can now enter the nu-
cleus and regulate gene expression.
What happens to this ‘‘active’’ b-cate-
nin pool during and after Wnt activation
is not completely clear. It is generally
assumed that once Wnt stimulation
ceases, b-catenin leaks out to the cyto-
plasm, where degradation—via phos-
phorylation by the Axin complex—is
resumed. However, it is unclear whether
thismechanism to restore low basic levelsof b-catenin is sufficiently fast and effi-
cient. At least two factors may cause a
significant delay: retention of b-catenin
on chromatin (Krieghoff et al., 2006) and
loss of Axin, which is destabilized during
pathway activation (Pronobis and Peifer,
2012; Valenta et al., 2012). Thus, exactly
how nuclear b-catenin is regulated re-
mains to be elucidated.
This is precisely what is uncovered in a
study by Lu et al. (2015) published in this
issue of Developmental Cell. The authors
find a nuclear process that leads to b-cate-
nin degradation, but themechanism is very
different from the classical one described
above, as the signal for ubiquitination is
not phosphorylation but demethylation.
Note that another phosphorylation-inde-
pendent ubiquitination/degradation b-cat-
enin pathway was previously reported
(Matsuzawa and Reed, 2001), but its main
protagonist, SIAH, is only expressed in
response to stress signals, limiting this
process to specific situations. The newly
reported pathway, on the contrary, ap-
pears to be broadly active.
The authors stumbled upon a connec-
tion between methylation and Wnt sig-
naling when they observed that manipula-
tion of the levels of the demethylases
Kdm2a/b in Xenopus embryos produced
phenotypes characteristic of Wnt pathway
modulation. Indeed, further investigation
revealed that the target of Kdm2 is b-cate-
nin itself. The authors went on to demon-
strate that b-catenin is methylated both in
embryos and in cell lines and that deme-
thylation by Kdm2 strongly stimulates its
ubiquitination and degradation. Further-
more, they provided compelling evidence
showing that Kdm2 acts preferentially on
the nuclear non-phosphorylated pool of
b-catenin. Unlike the classical phosphory-
lation-dependent pathway, which involves
the N-terminal region of b-catenin, this
methylation/demethylation-dependentDevelopmental Cellmechanism targets the central armadillo
repeat region, which is amajor hub for pro-
tein-protein interactions.
This finding has potentially interesting
implications for b-catenin regulation. The
region targeted for methylation and de-
methylation has been narrowed down to
armadillo repeats 4 and 5, which include
seven lysines. The best candidates are
the three most-C-terminal, which have
already been documented to undergo
ubiquitination (see the protein modifica-
tion resource, http://www.phosphosite.
org) and also happen to be positioned
within the groove that constitutes b-cate-
nin’s major interaction interface, involved
in binding the DNA-binding factors TCF/
LEF-1. Most intriguingly, one of these
lysines is already known to be acety-
lated, and this modification specifically in-
creases affinity for TCF/LEF1 (Le´vy et al.,
2004). It is therefore tempting to speculate
that acetylation, methylation, demethyla-
tion, and ubiquitination may all be inte-
grated reactions that together regulate
b-catenin binding to chromatin and stabil-
ity. Among possible scenarios, one could
imagine that methylation would antago-
nize acetylation and pull b-catenin away
from the chromatin. Methylated b-catenin
would then associate with Kdm2, which
would couple demethylation with ubiquiti-
nation and degradation. By ‘‘stripping’’
b-catenin from its transcriptional targets,
this mechanism could efficiently termi-
nate the signal.
Furthermore, beyond the case of b-cat-
enin, this study points to methylation and
demethylation of non-histone proteins as
a potentially important signal for ubiquiti-
nation. This possibility is consistent with
a recent proteomic work in yeast, which
found a correlation between methylation
and protein half-life (Pang et al., 2010).
Thus, this study not only beautifully
demonstrates an important role of protein33, June 22, 2015 ª2015 Elsevier Inc. 625
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Previewsmethylation in signal transduction but
also opens a window to a still-opaque
side of the Wnt pathway. Future studies
should help us learn more about the nu-
clear life of b-catenin: Does methylation
indeed compete with acetylation? Does
it control the dissociation of b-catenin
from TCF/LEF1, or promote other interac-
tions? Are methylation and demethylation
regulated? Does demethylation-depen-
dent ubiquitination only terminate the sig-
nal, or does it also moderate b-catenin
activity all along the phase of activation?
What about Axin-dependent degrada-
tion? Is it still functioning during Wnt stim-
ulation?What is the relative importance of
nuclear versus cytoplasmic and phospho-
dependent versus demethylation-depen-626 Developmental Cell 33, June 22, 2015 ª2dent degradation? Considering the multi-
ple mechanisms that impact on b-catenin
stability and localization, the answer to
this final question is likely to vary between
systems. Tackling this diversity should
help understand how deregulation of
the pathway affects different types of
cancers.
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Recently reporting inDevelopmental Cell, Me´sza´ros et al. (2015) and Vollmer et al. (2015) extend the inventory
of membrane-binding and -bending nuclear pore proteins to peripheral nucleoporins localized at the nuclear
basket.Nuclear pore complexes (NPCs) are huge
assemblies embedded within the nuclear
envelope (NE) that form selective gates
between the cytoplasm and the nucleo-
plasm. They are composed of 30
distinct proteins (Nucleoporins, or Nups)
present in multiple copies. Peripheral
Nups, notably those containing phenylal-
anine (FG) repeats, play key roles in bidi-
rectional trafficking and are anchored
to the NPC scaffold by structural Nups.
NPCs also feature peripheral filaments,
notably the nuclear basket, a fish-trap-
like structure anchored on the nuclear
face of NPCs that, beyond transport, reg-
ulates genome expression and integrity.
Two studies recently published in Devel-
opmental Cell now reveal novel properties
of basket Nups in nuclear membrane
binding, bending, and NPC biogenesis.Amphipathic a helices (AHs) with mem-
brane-binding properties had been pre-
viously identified in a few structural
Nups (Doucet et al., 2010; Drin et al.,
2007; Floch et al., 2015; Vollmer et al.,
2012). However, Antonin’s and Ko¨hler’s
teams made the intriguing observation
that three distinct FG-repeat-containing
basket Nups, not expected to directly
interact with membranes—namely ver-
tebrate Nup153 (Vollmer et al., 2015
[this issue of Developmental Cell]) and its
S. cerevisiae counterparts, Nup1 and
Nup60 (Me´sza´ros et al., 2015)—contain
within their N-terminal domains (NTD) a
predicted AH that can bind liposomes.
In vitro studies by Vollmer et al. (2015)
further revealed that the previously
reported interaction between Nup153-
NTD and transportin largely inhibitsNup153 liposome-binding capacity. Like-
wise, Me´sza´ros et al. (2015) discovered
that the NTDs of scNup1 and scNup60
interact with nuclear import factors (Kar-
yopherins Kap60/Kap95 and Kap123,
respectively). Moreover, they observed
that overexpressed Nup60 was no longer
restricted to the NE, but became localized
at the plasma membrane in yeast lacking
Kap123. Together, these data point to
an evolutionarily conserved mechanism
shared by these three Nups, but also by
other AH-containing proteins targeted to
the inner nuclear membrane (INM) (Kupke
et al., 2011), whereby karyopherin binding
in the vicinity of the AH would prevent
their unspecific interactions with cellular
membranes prior to nuclear import, thus
contributing to their proper targeting to
the nuclear basket or INM (Figure 1A).
